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1PRIMARY DBCOMPOSITIOH PRODUCTS
OF PCCAHCHTAS COAI.
OK FRACTIONAL CARBOIIIZATION
I. Introduction
If coal be heated in the absence of air, a part of the
coal is distilled off, partly as tar and partly as gas, leaving
as a residue the nonvolatile part of the coal. This residue,
as in the case of certain Eastern coals is a good grade of coke,
which is used in large quantities in the metallurgical industries.
Years ago, this distillation or carbonization was per-
formed to obtain the coke alone. The other products, such as gas
and tar, were burned during the carbonization, as in the Bee-Hive
coking process. The recognition of useful application of these
products in other industries has caused the use of the by-product
coke ovens which collect and utilize all the products of distil-
lation.
The method of burning coal in ordinary domestic heating,
cooking stoves, and furnaces is extremely wasteful. A large amount
of the volatile products escapes partially burned in the form of
smoke and soot. If the coal be partially carbonized at low tem-
peratures before it is burned, these volatile products are saved,
and the resulting coke can be burned more efficiently than before,
"tfith the improving of the methods of by-product recovery and the
increasing demand for the resulting products, it can readily be
seen that the future coal will be carbonized at low temperatures

2before it will be available for domestic consumption.
The increasing demand for metallurgical coke has caused
the coal industry to look to the coal fields of Indiana and Illi-
nois for a source of coke supply; but here they have come to the
big barrier, for these coals do not coke under the present methods
in use.
The coals of the section of the United States east of
Illinois may be classed as either semi -bituminous or bituminous.
Pocahontas coal is an example of the former, while Connellsville
coal is an example of the best grade of bituminous and Illinois
coal is an example of the lower grade of this coal.
Connellsville coal is the best coking coal in the
country and is used mainly for that purpose. Pocahontas coal is
used as a steam coal and to some degree for coking purposes. Il-
linois and Indiana coals are used almost exclusively for steam
and domestic uses. A mixture of Illinois and Pocahontas coals
is being used to make a good grade of coke.
With the immense coal fields of Illinois and Indiana
available as coking coals, the important problem as to the future
supply of the products of carbonization would be solved. To make
a coking coal of these coals is the big problem that confronts
the coal industry today. One method of attack is to carbonize
the coals from the different sections of the country and to try
and ascertain what there is in the coking coals that is not in
the non-coking coals and vice versa . This may be done by making
a study of the products of carbonization.
This method is being used, and this investigation in-
volves the study of the carbonization products of Pocahontas coal

3at low temperature s. From these products it may be possible to
determine why Illinois coals are not suitable for coking and, in-
directly, to lead to the determining of a method to coke them.
II. Previous Investigations.
Porter and Ovitz 1 made a study of the volatile products
of ooal carbonized at atmospheric pressure with the temperature
ranging from 500° to 1100° C. They conclude that above 800° C,
the hydrocarbons of the paraffin series are no longer evolved,
while the hydrogen continues to be produced with a marked increase
They also show that the volatile matter is dependent on the char-
acter of the coal.
Burgess and Wheeler^ distilled coal at atmospheric
pressure in an atmosphere of nitrogen from 500° to 1100° C, us-
ing as one type of coal a sample of Pocahontas coal. They state
that 'Coal of whatever geological age contains a compound which
undergoes decomposition at temperatures above 700° C. and yields
hydrogen as its principal gaseous product. It seems probably that
the same compound is responsible for the hydrocarbons of the pa-
raffin series that moke their appearance at low temperatures;11*
In a second paper^ they discuss the results obtained
by subjecting the coals to distillation in a vacuum. After this
work they concluded that coal contains two types of compounds of
different degrees of ease of decomposition; the one, the more un-
stable, yields paraffin hydrocarbons and no hydrogen, the other
decomposes with great difficulty, yielding hydrogen alone as a
^Porter and Ovitz, Jour. Gaslighting, 104 (1908) p. 343
Burgess and .vheeler, Jour .Chem. Soc . (19!.eiD) T p. 1218
(1911 ) T p. 649

4gaseous decomposition product. The most important type of compcuifl.
in coal is the degradation product of cellulose, which is the hy-
drogen yielding part. The paraffin yielding constituents are pro-
bably derived from the sap of the coal plants.
They state further that the first decomposition take
place at 350° C. and the second between 7 00° and 800° C. Above
350° C. the percentage of the methane increases and that of the
higher hydrocarbons decreases.
Lewes-*- in his book on the carbonization of coal states
that coal is an agglomerate of the solid degradation products of
vegetable decay, together with such of the original bodies as
have resisted to a greater extent the actions to which the materi-
al has been subjected. It is made up of four main degradation
products of vegetable decay, which are:
1. Cellulosic and humus forming the basis of the coal,
2. Resins and hydrocarbons, by which the cellulosic and
humus material are luted together.
The cellulosic and humus bodies yield a large propor-
tion of the gaseous products and show no sign of melting, but be-
gin to break down at 3000 q # with the evolution of water, hydrogen,
methane, and carbon dioxide.
The resins and hydrocarbons melt between 300° Snd 320°
C. and begin to decompose, yielding saturated hydrocarbons, pa-
raffins, and liquid products. The liquid products from low tem-
perature carbonization have low paraffin content.
White and Thiessen in 'The Origin of Coal" give the
results of the microscopic study of coal and from this they for-
1
. "The Carbonization of Coal" by V. B. Lewes (3.912)
* White and Thiessen, U.S.Bureau of Mines Bull. 3& (1913)

5mulate conclusions as to the origin and composition of coal.
•'Coal 11
,
they state, T,is chiefly composed of residue, consisting of
the most resistant components of plants, of which resins, resin
waxes, waxes, and higher fats or the derivatives of the compounds
composing these are the most important. :r
Jones and Wheeler1 continued the work of Burgess and
.Yheeler and published the' results of their investigation on the
carbonization of coal in a vacuum. The only new statements that
they make are that only the resinous substance in bituminous coal
decomposes to any extent below 500° C, and that the tar formed
at low temperatures has solid paraffins in small quantity.
Parr and Olin^ treated Illinois coal at low temperatures
with the main idea of obtaining coke. They found that their tar
yields at 450° C. were nearly equal to those of high temperature
carbonisation. The paraffin content of the tar was low.
Porter and Taylor carbonized Pocahontas coal in a
vacuum from 250° to 450° C. They conclude that the first decom-
position is the breaking down of certain oxygen containing sub-
stances related to cellulose, with the evolution of water, carbon
dioxide, and carbon monoxide. The point of breaking down of the
coal proper occurs at 250° C. with the predominance of the methane
series. They state that low temperature tar consists chiefly of
paraffin hydrocarbons.
Parr and layng^ carbonized American coals in 25 to 35
pound charges at 7 50° C and made a thorough study of the re suit
-
Jones and Wheeler, Jour. Chern. Soc. (1914) T. p. 140
3
, Parr and Olin, Bull. 79, Univ. of 111. Eng. Exp. Sta. (1915)
3
. Porter and Taylor, U. S. Bureau of Mines (1916) T. p. 140
4
. Work performed at the University of Illinois in the
last few years, soon to be published in the form of a
Bull, of Eng. Exp. Sta. Univ. of 111.

6ing products. The part of the report"1" which has "been published
shows that the paraffin content is low in the tars from all coals.
The gas evolved shows large percentages of methane at the lower
temperatures, with this decreasing as the temperature increases.
The hydrogen increases during the entire process. The coke ob-
tained indicates that the so-called non-coking coals of Illinois
give promise of "being advanced into the class of coking coals.
The work is still "being performed on some advanced phases of the
carbonization problem and will soon be published in the form of
a bulletin of the University of Illinois Engineering Experiment
Station.
Most of the work considered here, performed before
that of Parr and Olin, has very little comparative date that could
be considered useful for the type of coal under consideration.
Parr and Olin^ work, being principally on Illinois coals, cannot
be used for direct comparison to an eastern coal, yet the results
that they obtained in regard to the yield and composition of the
tar give some data that might be used later for a comparison of
the types of coal.
Porter and Taylor^ work represents the first definite
information relative to the carbonization of Pocahontas coal at
low temperatures, though there is much in their manner of pro-
cedure that leaves a question as to the reliability of their re-
sults. An example of this is readily shown by quoting the authors.
They say, :, The tar and oil were generally determined by deducting
the sum of the weight of water and calculated weight of the gas
from that of the volatile matter". Their tar results are all com-
• Parr and Layng, Mining and lie tallurgy , Feb. (1920)

7paratively high and likewise their results for water are also high.
Then, too, using only 15 grams as a sample of coal makes the yield
so low that the results can hardly be of any definite meaning when
calculated to a larger "basis.
In dealing with natural occurring products, such as
coals, one must realize that it is impossible to get results that
will be exact or in close accord with each other, even though the
tests are run under identical conditions. Each test has its own
characteristics, and even though a very minute report of the work
is made, there still remain some facts that can be learned only
by direct contact with the actual experimental work.
In consideration of these facts and in order to get
data of a comparative nature for similar coking and carbonization
problems which are being worked on at present or are in prospect
of future development, it has been deemed advisable to perform
this investigation.
III. Purpose of Investigation.
The purpose of this investigation is to determine:
1. What are the primary products of decomposition.
a. Water.
(1) Amount by weight.
b. Gas
(1) Amount by weight
(2) Volume
(3) Percent, composition
(4) Volume composition
c . Tar
(1) Amount by weight
(2) Paraffin content

82« What are the definite points of decomposition or reaction.
a. Point of evolution of water.
b. Point of evolution of gas.
c. Point of evolution of tar.
3. .That is the resulting effect of carbonization on the coal.
a. Amount of residue.
b. Structure of residue.
17. Experimental Work.
1. General Experimental Method.
The experimental method employed consisted of heating
100 grams of the finely powdered coal in an atmosphere of nitro-
gen at temperatures from £50° to 600° C. in steps of 50° C. each.
In each case the sample was heated at the rate of about 7 5° C.
per hour up to the desired temperature, care being taken that the
outside temperature was at no time higher than 50° C. above the
inside temperature, thus reducing the possibility of decomposi-
tion caused by the gaseous products coming in contact with the
overheated surface. '/hen the desired temperature had been reached,
the temperature was maintained constant until the evolution of
gas was of a negligible quantity.
The products of carbonization were collected and anal-
yzed whenever possible. The rate of evolution of the gas, as well
as the volume evolved, were noted. The temperature of the points
of evolution of products were also recorded.
During the entire run the pressure was kept at one to
five centimeters HgO vacuum. Thi^; aided the removing of the gases
from the retort, thus reducing the possibility of decomposition

9through remaining in the heated zone.
2. Coal Used.
The coal used was Pocahontas from Bo swell, Pa. with
the following composition:
Moisture 00.60
Volatile matter 16.15
Fixed car Don 7 4.27
Ash - 8.78
Sulfur 0.86
Carbon 77 .7
Hydrogen 4.40
Nitrogen 1.55
Oxygen 5.91
Calorific value 13,480 B.T.U.
The coal was air dried, ground to pass an eighty mesh screen,
and kept in tightly sealed glass containers.
3. Methods Used in .Sxperiments.
a. Collection and Analysis of Ga.ses.
The gases, on being evolved from the retort, were
passed through acidified copper sulfate solution before being col
lected in the gase container. This removed the ammonia and the
hydrogen sulfide, which were later determined and the amounts of
these constituents calculated.
The volume of the gas collected in the contained was
determined by the difference in weight of the container. The use
of a special leveling device allowed an accurate determination
of the gas volume.
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The gas was analyzed by means of a modified Orsat.
The C0o and o were determined in the usual manner, with KOH and
alkaline pyrogallol, the C JH4 was removed by concentrated sulfur-
ic acid. (89$), the C^Hg series by means of 15$ fuming sulfuric
acid, the and CO by means of combustion with copper oxide at
300° C. and the methane series with a slow combustion pipette.
The nitrogen being determined by difference is the sum of all the
errors involved and cannot be classed as nitrogen all from the
coal. This error became very appreciable in the larger volumes.
b. De termination of Water.
The water was partially condensed out in the first tube
and that remaining in the gas was removed by passing it through
a calcium chloride tube. At the higher temperatures, when tar
appeared, the water was separated from the tar by means of a
centrifuge. At no time was any trouble encountered in separat-
ing the tar and water.
c. Determination of Tar.
The tar was determined by subtracting the weight of
water from the increase in weight of the tube containing the tar
and water . Due to the small quantities of tar obtained, no at-
tempts were made to determine the composition further than the
paraffin content.
d. Determination of Temperature.
The temperatures were determined by means of iron
constantan thermoelements using No. 32 wire. The wires were en-
cased in clay tubes in order to get them into position. A direct
reading 3nglehard Millivoltme ter was used. As calibrated, it was
accurate to within 2° C. The temperatures both inside and out-
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side were read every fifteen minutes,
e. Method of Heating.
The heat for the carbonisation was furnished by an elec-
tric resistance furnace. By means of an external variable resis-
tance in series, the temperature was under accurate control. An
asbestos covered head (F. Fig. 1) served to keep the heat, lost
by radiation, very low, thus increasing the upper range of the
furnace
.
4. Apparatus.
The apparatus used for these experiments is shown in
Figure 1. The coal was contained in retort (b ) which was made of
two inch iron pipe. At one end a reducing couple was used with
a one -quarter inch pipe running in; at the other end a Tee was
used with a one-quarter inch pipe extending down and a three-
eighths inch pipe running- into the retort to serve as a thermo-
element pocket. The retort was made so that it could be discon-
nected at the center by means of a flange. Graphited asbestos
packing was used at this connection to make it air tight. Both
ends of the retort were filled with glass wool, leaving just
enough space for the coal sample.
After being charged and thoroughly tested for leaks,
the apparatus was swept out with pure dry nitrogen until a test
of the gas showed less than 0.2$ of oxygen present. During this
action, the mixture was driven out into the air by means of the
two-way stopcock (j). After sweeping out the oxygen, the gas con-
tainer was connected into the train by means of this stopcock
and the current turned on.
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All through the run the leveling "bottle (m) was so re-
gulated that a slight vacuum of from one to five centimeters of
water was present.
The temperature was controlled at the rate of 75° C.
per hour up to the required temperature, so that the evolution
of gas was not too fast nor the outside temperature more than
50° C. above the corresponding inside temperature.
When the evolution of gas had become apparently finished,
a measured volume of nitrogen was driven through and the furnace
cooled. The volume of gas collected minus this nitrogen added
gave the volume of gas generated.
V. Results of Test.
The results of the experiments are tabulated in Tables
1 and 2. In Figure 2, the total volume of gas generated, the
volume of hydrogen, the methane series, and the nitrogen are
plotted against the temperature. Figure 3 shows the volume of
the oxides of carbon, the ethylene, the benzene, and oxygen plotted
against the temperature. Figure 4 gives the percentage relations
of the gas, tar, water, and total volatile matter.
The first apparent evolution of gas occurred at 160°
to 190° C. It was very slow and, up to 250° C. where a sample was
taken, it gave only 70 c.c, which on analysis gave mainly CO^
and Oo. The slow rate of evolution continued up to 300° C, where
only 116 c.c. were obtained. Here again COg and Oj predominated.
At 310° to 330° C. a decided generation of gas became
noticeable. The gas evolved rapidly at a continuous rate, wi th
the separation of a light oil, which separated from the water
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readily. The gas collected up to 350° C, as Table 1 shows, con-
sisted mainly of the methane series, and hydrogen with small amounts
of the ethylene and "benzene series.
Above 350° C. the gas continued at a constant rate until
it reached 500° C, where it started to slow down a trifle. Above
500° C. it slowed down a noticeable degree. Through this range
above 350° C. the methane appeared to be slowly reducing its rate
of evolution, while that of the hydrogen increased. At 600° C.
the volumes of methane and hydrogen became almost equal. Above
400° C, the illurninants kept constant, v/hich shows that there is
no evolution of these to a marked degree here.
The tar reaches its maximum production at above 500°
to 6 00° C. with a very small evolution at the higher temperature.
Below §00° C. the tar was a light oily material; but at 450° C.
it was increased by the deposition of a heavy black tar of a
specific gravity above one. From 500° to 550° G. a heavy red tar
condensed out. It was hard to condense it all, with the result
that some of it was carried over into the calcium chloride tube.
It possessed a characteristic odor very much similar to that of
anthracene
.
The residue left after heating up to 300° C. showed no
change from the original coal. At 350° C. it had a small ten-
dency to lump, though it powdered readily on touching. At 400° C.
a solid lump was formed, "which tended to resist breaking, but the
structure was still that of coal. The first sign of any coke
structure was at 450° C, though it was v.ry slight and could not
be termed a coke proper. Above this temperature, the structure
remained unchanged, so that, at 6 00° C. the residue was a solid

TABLE 1. PRODUCTS AT SUCCESSIVE TEMPERATURES
.
Wt.coal (air dried) gnus. 100
Temperature outside C. 264
Temperature inside C. 250
Time in hours 2.5
tfater of decomposition fa .30
Tar f
Gas $ .01
Total volatile matter fo 1.1
Residue $ 98.9
To tal gas c .c • per lOOg. 70
n n
HoS n it ii it
it :l rt 4-1rtJ-
°2
n n ii 18
CZ H4 " it it n U
C6 H6
' a n it
it .1 n
CO n n it n
cnH2n*2
" :f II
H2
it it it 11
Value of n in CnH^n+2
Paraffin content of tar f>
100 100 100
-i- ww
313t-/ -A- 37 5 440
302 349 400
2.0 2.0 2.5
.34 1.0 1.8
trace 2. 3.0
.02 2.33 5.43
1.2 6.1 11.1
98.8 93. 9 88.9
116 2100 6347
4 A
2° .7 1 93 300
274W 1 36 no
o 46 1 00X V/w
nw 29 59
4 5 340 1637«L U «J I
7.2 41 93
5.4 810 3385
42.2 621 657
1.40 1.40 1.50
66.0 40.0
MM
TABLE 1. (C OHTINUED
)
'.Vt.coal (air dried) grms. 100 100 100 50
Temperature outside C. 495 565 615 650
Temperature inside C. 450 500 550 6 05
Time in hours 2.0 2.0 2.25 2.0
Water of decomposition fo 2.4 2.6 • 2 4.2
Tar f> 3.5 4.4 4.95 5.0
Gas fo 7.5 8.9 9.2 9.5
Total volatile matter fo 14.2 16.7 18.2 19.5
Residue fo 85.8 83.3 81.8 80.5
Total gas c.c.per lOOg. 8,605 11,192 12,904 14,759
HH3
m m m n 24 38 77 85
H2S « « « «t trace trace trace trace
330 350 350 364
Q2 w it tt tt 126 134 147 165
C2H4 " " "
" 115 123 115 149
C6E6
' " " "
" 69 102 102 116
H j » » « t 2, 500 3, 600 4, 87 5, 850
£Q tt It If tt 95 130 220 365
CnHan+a" "
' 4,27 5,100 5,415 5,950
H 2
« tt « 1,076 1,605 1,608 1,715
Value of n in CnH2n+2 l t 50 1,42 1,35 1,21
Paraffin content of tar fo 27 22 17 17

TABLE 2. PERCENTAGE COMPOSITION OF TEE GAS BY VOLUME.
Temp. C. 250 302 349 400 450 500 550 600
co2 58.6 25.6 9.2 4.7 3.8 3.2 2.7 2.5
°2 25.8 23.3 1.7 1.7 1.5 1.2 1.1 1.1
0.0 0.0 9 9—# • - 1.6 1.3 1.1 0.9 1.0
C6H6 0.0 0.0 1.4 0.9 0.8 0.9 0.8 0.8
H2 0.0 3.9 16.2 25.8 29.1 32.1 37.7 39.6
CO 0.0 6.2 2.0 1.5 1.1 1.1 1.7 2.5
0.0 4.7 38.5 53.5 49.6 45.6 41.9 40.3
Hp 15.6 36.3 29.5 10.3 12.4 14.4 12.5 11.6
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lump of some strength, having a very small resemblance to coke.
VI. Discussion and Conclusions.
The first products obtained from the coal on heating are
water and gas. The evolution of the gas starts at 180-190° C.
and the gas evolved up to 300° C. consists mainly of CO,, and 0r>,
with very small amounts of methane and hydrogen. The gas ob-
tained from different runs at this same temperature was of a
varying volume and composition. The water of decomposition is
low and not of a definite amount. Any explanation of these pro-
ducts would require more extensive &at«* and the use of coal which
had not been weathered. These products may be due to one of two
possibilities; either they are in the form of occluded material
in the coal, or they are the result of primary decomposition of
compounds in the coal.
The first characteristic decomposition takes place at
310° to 330° C. Minute quantities of water, gas, and tar have
occurred below this point. This is a very characteristic and
distinct reaction, accompanied by the evolution of a large amount
of gas, tar, and water. The gas generated up to 350° C. is of
large volume, composed mainly of the methane series and hydrogen,
with small quantities of ethylene, benzene, and COg. The tar
has a paraffin content of 66$.
The presence of an oil of high paraffin content, a gas
high in the paraffin series, and a COg content that is suddenly
increased at this point, indicate that some compounds must be
present which, on decomposition, give gases of the methane series,
liquid paraffins, and CO2. These compounds may be of the fatty
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acid type. The higher members of this series of acids have no
"boiling point. They decompose on heating into various products,
such as lighter paraffins, both gaseous and liquid, COg, and
water of decomposition. According to Thiessen^, coal contains
acids similar to those found in wood. The type of products of
decomposition may therefore come from such acids.
The occurrence of benzene and ethylene at this tempera-
ture is a fact worthy of consideration. lewes^ states that the
benzene and ethylene are present, due to the secondary reactions
at high temperatures. Here they occur below 350° C. at a tem-
perature where secondary reactions would not seem to be talcing
place. These compounds are present, either on account of their
presence in the coal as such, or on account of the breaking down
of the heavier hydrocarbons by secondary decomposition. The
low temperature makes the first appear most probable. The aro-
matic compounds in the tar at tMs temperature would likewise lead
to the conclusion that there may be compounds of a similar nature
in the coal, although this might be explained by the fact that
the aliphatic compounds present undergo molecular condensation
to form acyclic and aromatic compounds which distill off as such.
The presence of hydrogen and its increasing rate of
production at the higher temperatures can be attributed to the
combined breaking down of the cellulosic and resinic material in
the coal, although the greater volume must be due to the cellu-
losic material in consideration of the fact that it continues at
a high rate of production, long after the main part of the re-
1 White and Thiessen, U. S. Bureau of Mines Bull, 38 (1913)
2 V. B. Lewes, Carbonization of Coal, (1912)
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sinic material has "been volatized. Burgess and //heeler?- main-
tain that the hydrogen comes from the cellulosic material and
give no mention of it coming from the resinic material.
Above 500° C. the sudden decrease in the C0 o would in-
dicate that most of the acids have decomposed at the lower tem-
perature, and now they have "been mostly driven off or are combin-
ing to give the aroma tics and methane. At this same temperature
the increase in the CO may be explained as a primary decomposi-
tion product of the newly formed carbon compounds which go to
make up the coke. These compounds of carbon with other elements
and oxygen are hard to decompose; so they break down only at this
higher temperature to give CO as one product. Hie formation of
the heavy red oil at about 550° C. may be due to the secondary
decomposition of the aromatic compounds, if such are present, or
to molecular condensation of the aliphatics and their subsequent
decomposition.
The reaction which results between EgS and iron caused
the determination of HgS in these tests to be unreliable, and,
therefore, no mention is made of the presence of this gas.
The use of CaClg was found to be lowering the amount of
NHg, due to the formation of a complex ammonia compound. To
determine the KHg, the CaClg was left out in the duplicate runs.
From the results obtained from these carbonization ex-
periments, the following results may be deducted:
1. At 180-190° C. gases and water are liberated from the
coal, due either to occluded gases or to the decomposition and
dehydration of compounds in the coal. Further tests would be
1 Burgess & Wheeler, Jour. Chem. Soc. (1911) p. 649
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necessary to decide which of these facts is true.
2. The first point of marked reaction is at 310° to 330° C.
with the evolution of methane and hydrogen, with smaller amounts
of ethylene, "benzene, CO^, water, and a tar of high paraffin
content. This may he due to the decomposition of compounds
similar to the fatty acids, with the evolution of CO^, Hr>0, and
paraffins, "both gaseous and liquid. These paraffins might under-
go molecular condensation to give acyclic and aromatic compounds,
and thus account for these compounds in the tars. If Thiessen
is correct, there may exist certain acyclic and aromatic compounds
in the coal which give the lower boiling compounds.
3. Above 400° C. the hydrogen is evolved at a constant
rate and the coal begins to coke. The tars contain little paraf-
fins. The gas has a decreasing amount of methane, small amounts
of COg, 2 , and CO. This may be due to the decomposition of the
cellulosic material, coupled with the further breaking down of
the acyclic and aromatic compounds, either from the coal or from
the aliphatic compounds on condensation, to give the non-paraf-
fin tars and hydrogen.
4. Oxygen appears in small amounts at all the temperatures
under consideration here. The presence of oxygen at temperatures
around 600° C. when CO is being generated, is a very interesting
fact and worthy of notice. No attempt can be made at present to
explain the presence of oxygen.



